Experimental Investigation of a One-Sided Ejector Nozzle by Fagan, A. F. et al.
K.B.M.Q. Zaman, A.F. Fagan, and J.E. Bridges
Glenn Research Center, Cleveland, Ohio
Experimental Investigation of a 
One-Sided Ejector Nozzle
NASA/TM—2019-220064
February 2019
https://ntrs.nasa.gov/search.jsp?R=20190004928 2019-08-30T20:11:36+00:00Z
NASA STI Program . . . in Profile
Since its founding, NASA has been dedicated 
to the advancement of aeronautics and space science. 
The NASA Scientific and Technical Information (STI) 
Program plays a key part in helping NASA maintain 
this important role.
The NASA STI Program operates under the auspices 
of the Agency Chief Information Officer. It collects, 
organizes, provides for archiving, and disseminates 
NASA’s STI. The NASA STI Program provides access 
to the NASA Technical Report Server—Registered 
(NTRS Reg) and NASA Technical Report Server—
Public (NTRS)  thus providing one of the largest 
collections of aeronautical and space science STI in 
the world. Results are published in both non-NASA 
channels and by NASA in the NASA STI Report 
Series, which includes the following report types:
 
• TECHNICAL PUBLICATION. Reports of 
completed research or a major significant phase 
of research that present the results of NASA 
programs and include extensive data or theoretical 
analysis. Includes compilations of significant 
scientific and technical data and information 
deemed to be of continuing reference value. 
NASA counter-part of peer-reviewed formal 
professional papers, but has less stringent 
limitations on manuscript length and extent of 
graphic presentations.
 
• TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., “quick-release” reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis.
 
• CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees.
• CONFERENCE PUBLICATION. Collected 
papers from scientific and technical 
conferences, symposia, seminars, or other 
meetings sponsored or co-sponsored by NASA.
 
• SPECIAL PUBLICATION. Scientific, 
technical, or historical information from 
NASA programs, projects, and missions, often 
concerned with subjects having substantial 
public interest.
 
• TECHNICAL TRANSLATION. English-
language translations of foreign scientific and 
technical material pertinent to NASA’s mission.
For more information about the NASA STI 
program, see the following:
• Access the NASA STI program home page at 
http://www.sti.nasa.gov
 
• E-mail your question to help@sti.nasa.gov
 
• Fax your question to the NASA STI 
Information Desk at 757-864-6500
• Telephone the NASA STI Information Desk at
 757-864-9658
 
• Write to: 
NASA STI Program
 Mail Stop 148
 NASA Langley Research Center
 Hampton, VA 23681-2199
 
K.B.M.Q. Zaman, A.F. Fagan, and J.E. Bridges
Glenn Research Center, Cleveland, Ohio
Experimental Investigation of a 
One-Sided Ejector Nozzle
NASA/TM—2019-220064
February 2019
National Aeronautics and
Space Administration
Glenn Research Center 
Cleveland, Ohio 44135
Acknowledgments
The work was in support of NASA’s Commercial Supersonic Technologies (CST) Project.
Available from
Trade names and trademarks are used in this report for identification 
only. Their usage does not constitute an official endorsement, 
either expressed or implied, by the National Aeronautics and 
Space Administration.
Level of Review: This material has been technically reviewed by technical management. 
This report contains preliminary findings, 
subject to revision as analysis proceeds.
NASA STI Program
Mail Stop 148
NASA Langley Research Center
Hampton, VA 23681-2199
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
703-605-6000
This report is available in electronic form at http://www.sti.nasa.gov/ and http://ntrs.nasa.gov/
This work was sponsored by the Advanced Air Vehicle Program  
at the NASA Glenn Research Center
NASA/TM—2019-220064 1 
Experimental Investigation of a One-Sided Ejector Nozzle 
 
K.B.M.Q. Zaman, A.F. Fagan, and J.E. Bridges 
National Aeronautics and Space Administration 
Glenn Research Center 
Cleveland, Ohio 44135 
Abstract 
A fundamental exploratory experiment is conducted assessing the performance of a one-sided ejector 
with the eventual goal of noise reduction for jet engines. The hardware is comprised of an 8:1 rectangular 
nozzle together with an ejector box whose lower surface is flush with the lower lip of the nozzle. 
Secondary flow is allowed through a gap between the upper lip of the nozzle and a flap that constitutes 
the upper surface of the ejector. Wall static pressures and Pitot probe surveys are conducted to evaluate 
the performance of the ejector with variation of geometric parameters. It is found that addition of vortex 
generating tabs at the upper lip of the nozzle significantly increases secondary flow entrainment. The 
entrainment is further enhanced by a divergence of the ejector upper surface. Limited noise measurements 
are done. The baseline ejector (without tabs) often encounters flow resonance with accompanying tones. 
The tabs have the additional benefit of eliminating those tones in all cases. However, for the tabbed case, 
addition of the ejector produces insignificant further noise reduction. This is due to the fact that the flow 
remains unmixed on the lower half of the ejector. The focus of ongoing and future efforts is to achieve 
sufficient mixing of the flow so that the exhaust velocities are uniformly low, while keeping the ejector 
hardware short and lightweight.  
Introduction 
An ejector is a device that involves a shroud around a jet nozzle in which secondary or ambient fluid 
is entrained by the primary jet. The net mass flow rate at the exit of the ejector is increased and the 
corresponding velocity is decreased relative to the primary jet alone. Turbulent mixing at the interface of 
the primary and secondary streams facilitates the entrainment and therefore the efficiency of the device 
depends on the mixing process which in turn depends on geometrical as well as flow parameters. Use of 
vortex generators or lobed mixers at the primary nozzle lip can significantly enhance the entrainment 
process and the resultant pumping of secondary flow. Configurations involving such mixers have been 
typically referred to as ‘mixer ejector nozzles’.  
There have been numerous previous studies on ejectors as fluidic pumps and as a device for thrust 
augmentation. The vast literature on the subject may be appreciated from the fact that Reference 1, 
published in 1967, cited 585 prior publications, dating as far back as 1919. Much of the earlier work 
focused on analysis of ejector performance. Thrust augmentation and its application in Vertical/Short 
Takeoff and Landing (V/STOL) aircraft was addressed in many papers, (e.g., Refs. 2 to 4, and several 
prior works cited in Ref. 1). Later publications continued to address ejector flow and performance 
theoretically as well as experimentally, e.g., References 5 to 9. Other investigations addressed 
applications of the ejector and methods for improving its performance, e.g., References 10 to 13. The list 
of citations given herein is far from complete and an interested reader may look up the bibliographies of 
the listed ones for other past work. 
While the phenomenon of thrust augmentation by ejectors is attractive and applies to cases like 
V/STOL engines, where high lift is desired during takeoff and landing, in many flight applications it is 
NASA/TM—2019-220064 2 
not feasible. This is because with forward flight thrust augmentation diminishes due to increased ram 
drag. Reference 7 finds that thrust augmentation decreases with increasing flight Mach number and 
becomes zero at a flight Mach number of about 0.7. On the other hand, the ejector principle has been used 
successfully in a variety of applications, especially for mass flow augmentation. For example, it has been 
utilized for powering the ‘free-jet’ co-flow in a large-scale jet noise measurement facility at NASA Glenn 
Research Center (GRC), (Ref. 14).  
Ejectors also hold significant potential for jet noise reduction. This aspect of ejectors has also been 
addressed in many previous studies over several decades, e.g., References 15 to 22. The noise reduction 
potential stems from the fact that jet noise roughly scales as the eighth power of the exhaust velocity. A 
decrease in exhaust velocity by using an ejector would thus yield significant reduction in jet noise. As an 
example, assume that the velocity is reduced to 70 percent of the primary jet velocity with an ejector 
shroud that has an exit diameter 1.464 times the primary nozzle diameter (assuming 50 percent 
entrainment and uniform flow at the ejector exit, to satisfy continuity). Then from the principle I∼Uj8D2 
(where, I is noise intensity, Uj the jet exhaust velocity and D the ejector exit diameter, and assuming fixed 
observer distance), about 9 dB reduction in I may be achievable. The benefit would increase rapidly with 
decreasing exhaust velocity. In fact, a reduction in exhaust velocity by mixing fan flow with the primary 
flow is also the basis for noise reduction achieved with high bypass ratio engines in modern subsonic 
aircraft.  
For noise reduction, the ejector principle was adopted in the design of a supersonic aircraft considered 
in a past NASA/Industry program (High Speed Civil Transport, HSCT program, conducted during the 
1990s). By using an ejector with lobed-mixers, parametric variations yielded exhaust velocities that were 
less than 60 percent of the primary jet velocity (Ref. 21). For example, with primary-to-ejector area ratio 
of 2.8, exhaust velocities were reduced from about 2400 ft/s to about 1400 ft/s. This yielded a reduction in 
noise intensities by about 15 dB, as measured at various polar locations (and roughly following the simple 
scaling law discussed in the previous paragraph). The resultant noise, in effective perceived noise level 
(EPNL) metric, satisfied strict airport noise regulation standards (Ref. 21). (FAR36 stage III levels were 
satisfied with margin; an interested reader may look up (Ref. 23) for the definitions of noise standards.) 
Unfortunately, the HSCT program was canceled in late 1990s due to other NASA priorities.  
The ejector nozzle in the HSCT program turned out to be quite large and heavy. This is a limitation 
with the ejector design. Even though much work has been done to improve mixer-ejector nozzle 
performance (Refs. 19 to 22), there is a need for further research to achieve more efficient mixing of the 
streams so that the hardware can be kept short and lightweight. The present fundamental study is 
prompted with that goal and with certain aircraft concepts in mind as explained in the following.  
The study is initiated to explore the feasibility of a one-sided ejector that may be applicable to aircraft 
concepts with an over-the-wing engine configuration. These concepts often involve an ‘aft deck’ for 
shielding some exhaust noise from reaching an observer on the ground. If the engine exhaust is 
rectangular, it could be a relatively simple task of deploying flaps over the exhaust and on the sides to 
create the one-sided ejector configuration. When not needed those flaps can be stowed away. As stated 
before, the ultimate goal is to achieve jet noise reduction while keeping the hardware simple and 
lightweight. With these notions the present fundamental exploratory study is undertaken with relatively 
simple hardware. An 8:1 aspect ratio rectangular nozzle is chosen for the primary jet flow. A suitable 
ejector box, described shortly, is attached at the exit of the nozzle. Surveys are made with the primary 
focus on ejector pumping characteristics. Limited data are obtained so far on comparative noise radiation 
characteristics. This paper provides a status report of the effort. 
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Experimental Facility  
The experiments are conducted in an open jet facility at NASA GRC. An image of the jet rig with the 
ejector configuration is shown in Figure 1(a). Figure 1(b) is a close-up view of the nozzle with the ejector 
apparatus, and a schematic is shown in Figure 1(c). The rectangular nozzle is of 8:1 aspect ratio (‘NA8Z’, 
described in previous publications, e.g., Reference 24 that also describes the jet facility). It has exit 
dimensions of 5.34 in. by 0.66 in., thus, an equivalent diameter, D= 2.12 in. All dimensions are quoted in 
inches. The lower plate of the ejector box is placed flush with the lower lip (longer dimension) of the 
nozzle. The upper plate (‘ejector flap’) is moveable and a scaled drawing with the pressure tap locations is 
shown in Figure 1(d). The side plates have slots (Figure 1(b)) allowing placement of the upper plate at 
different heights, H, as well as different inclination angles. The angle α of the upper plate is defined with 
respect to the axial direction, such that a positive α denotes the divergent condition. The adjustment of H 
as well as α is facilitated by sets of ‘plugs’ (Figure 1(b)) that are made using 3-D printing. The upper 
plate rests on the four plugs (two on each of the two side plates) and is secured by screws. The plugs fill 
the slots on the side walls so that there is no leakage. 
The shape of the leading edge (LE) of the upper plate can be seen in Figure 1(d). It is chosen 
arbitrarily; however, a CFD study on the effect of the leading edge radius showed this shape to be close to 
optimum for ejector pumping. Details of the companion CFD study are to be presented in a separate paper 
at the same conference (Ref. 25). There are five static pressure ports on the upper plate, spaced axially at 
mid-span. These are located at axial distances of 0.6 in., 1.00 in., 1.34 in., 1.76 in. and 2.32 in. from the 
LE (Figure 1(d)). In the experiments, static pressure (Ps) for all five ports is recorded as a function of the 
primary jet Mach number Mj, for a given set of parameters. A higher value of the suction pressure (i.e., 
negative Ps) denotes higher entrainment by the ejector. The Mach number Mj is defined simply based of 
the plenum pressure, p0, and the ambient pressure, pa, (regardless of the static pressure changes at the exit 
of the nozzle caused by the ejector). It is given by, ( )( )
1/2
( 1)/
0
2/ 1
1j a
M p p γ γ
γ
− = − − 
, where γ (=1.4) is the 
ratio of specific heats for air.  
A three-sensor Pitot probe rake is used to carry out Mach number surveys at the exit of the ejector. 
These data are integrated to obtain the total mass flow rate through the ejector (mE). The primary mass 
flow rate (mI) is measured by an orifice meter in the supply line. Sound pressure level (SPL) spectra data 
are obtained using microphones held fixed on an overhead arm. Unless stated otherwise the data 
presented are for the polar location of θ=90°. The test chamber is semi-anechoic (Ref. 24). Even though 
the plenum face and nearby surfaces are wrapped with sound absorbing material during noise 
measurements, the noise spectral amplitudes are qualitative. However, they are deemed sufficient for 
assessing the comparative effects on the noise levels as the parameters are varied.  
Data are obtained with and without ‘mixing tabs’ (‘chevrons’) attached to the upper lip of the primary 
nozzle (Figure 1(e)). The baseline (no-tab primary nozzle and the ejector) flow is noisy and often emits 
tones. Tabs eliminate the tones and improve ejector pumping, as will be seen from the results in the 
following. The tab strip is machined out of 0.014 in. thick sheet metal. Each of the triangular tabs has 
0.416 in. base and 0.315 in. height. There are 11 full and two half tabs at the ends. The tabs penetrate the 
primary flow at approximately a 20° angle. The tab strip was attached to the upper surface of the nozzle 
with epoxy and two screws (Figure 1(e)).  
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Results 
Static pressure (Ps) data as a function of jet Mach number Mj are presented in Figure 2 to Figure 6. In 
Figure 2, data are shown for the effect of variation of ejector height H (Figure 1(c)). There are three sets 
of data for three values of H; the data on the left column (Figure 2(a) to (c)) represent baseline case 
without tabs while the data on the right column (Figure 2(d) to (f)) is for the tab case. Note that the 
ordinate scale is negative and spans 0 to –4 psig. The ejector creates a vacuum and the ‘suction pressure’ 
increases with increasing Mj. The most remarkable observation is that the tabs cause a large increase in 
the suction pressure for a given H. For each value of H, the increase is threefold or more over most of the 
Mj range covered. The tabs cause increased mixing, more ambient air is entrained, resulting in higher 
suction pressures. The increased entrainment is demonstrated by Pitot probe survey results shown in the 
following. 
For the tab case, data for a few other values of H are shown in Figure 3. It is observed that the suction 
pressure is high at small values of H but becomes smaller with increasing H. The suction is marginal at 
the highest value of H covered (1.83 in.). Obviously, for very large H the flow would become a free jet 
and the measured (gauge) pressure would tend to be zero. Cross-plots of the data for the tab case are 
shown in Figure 4. The pressure variation with Mj at each of the five ports is captured in these plots. Note 
that port 1 is the closest to the leading edge; the port locations are given in the Experimental Facility 
section (Figure 1(d)). One finds that the suction pressures are the highest near the leading edge but 
gradually drop off with increasing downstream distance. At the last port location the data indicate a 
sudden jump across the transonic regime (Mj ≈1). This is thought to be due to the passage of a shock 
whose location for a given configuration depends on Mj.  
The divergence angle of the upper plate is also found to have a large impact on the suction pressure. 
This is shown in Figure 5 with data for six values of α (–1°, 1°, 2°, 3°, 4° and 6°). These data are for the 
tab cases. Different sets of plugs were used while the gap at the entrance (G, Figure 1(c)) was 
approximately held constant. Actual values of G and H are indicated in each case. Note that 
corresponding data for α=0 are in Figure 3(f). One finds that the ‘peak’ suction pressure for the 
convergent case (α=–1°) is significantly smaller than that for the α=0 case. It increases sharply when a 
divergence is introduced. As α is stepped through –1°, 0° and +1°, the peak suction at port 1 attains the 
approximate values of –1.5, –3 and –5 psig, respectively. The maximum peak suction is reached in the α 
range of 2° to 4° (port 1 pressure reaching about –9 psig). At even higher values of α there is a drop-off 
due to flow separation on the upper wall. The latter becomes clear from the Pitot probe survey data shown 
shortly. 
The suction pressure data for three different lengths of the ejector (L=L0+∆L, Figure 1(b)) are shown 
in Figure 6. As in Figure 2, the three sets of data are shown without tabs (left column, Figure 6(a) to (c)) 
and with tabs (right column, Figure 6(d) to (f)). These data are for an ejector height H=0.902 in. While 
these are for L= 4 in., 5 in. and 6 in., corresponding data for L=3 in. can be found in Figure 2(e). It is clear 
that for each L, tabs account for a large increase in the suction pressure. For either no-tab or tab cases, the 
ejector length makes only marginal increases in the suction pressure. From L=3 in. (Figure 2) to L=4 in. 
(Figure 6) there is some increase in the suction pressure. However, further increases in L do not affect the 
amplitudes significantly.  
So, the main finding so far is that the tabs cause a large increase in the suction pressure. A further 
significant increase is obtained with a small divergence of the upper plate. An increase in suction pressure 
implies increased pumping and this is evaluated in the following. First, the impact on the noise field is 
briefly discussed using Figure 7 to Figure 10.  
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Figure 7 compares the sound pressure level (SPL) spectra with and without tabs for 6 different values 
of H. Pairs of traces are shown in each figure where a blue curve represents the no-tab case and a red 
curve represents the tab case. It is apparent that in the no-tab case the ejector often yields vigorous 
resonant tones. The addition of tabs not only eliminates the tones but also brings down the broadband 
energy levels. In Figure 8, data for a convergent case (α=–3°) as well as a divergent case (α=+3°) are 
shown with and without tabs. In both cases the flow without tabs emits tones. The tabs again effectively 
suppress the tones and reduce broadband levels. It should be cautioned that the dramatic reduction of 
broadband energy seen in these figures does not necessarily imply a large jet noise reduction potential. 
With the tones there is ‘broadband noise amplification’; the tabs take out the tones and along with it the 
broadband amplitudes drop to levels that would occur had there been no tones. Finally, similar data for 
four different L are shown in Figure 9. Without tabs the tones occur at lower values of L (for the given 
H=0.902 in.) but with increasing L they disappear. However, it is noted that even though there are no 
tones for the longer no-tab cases (L= 5 in. and 6 in.), the tabs have reduced the low frequency energy 
substantially.  
In Figure 10, the spectral data are shown for three cases: the free jet from the nozzle without the 
ejector or tabs (red curve), free jet from the nozzle fitted with the tabs (blue curve), and for the ejector 
configuration with the tabbed primary nozzle having H=0.902 in. (green curve). These data, shown for 
two polar locations, cover a wider frequency range and are also plotted in log scale in order to allow an 
easy examination of the effects on both the low and high frequency ends of the spectrum. Addition of the 
tabs to the nozzle is observed to cause an increase in high frequency energy; however, there is a 
perceptible reduction in low frequency energy (compare red and green curves). Addition of the ejector has 
made little further difference, except a small reduction in the high frequency levels (compare green and 
blue curves). Once again, note that these spectral data are qualitative but nonetheless the result is rather 
discouraging. The reason for the lack of noise reduction with the present ejector configuration becomes 
clear with the exit velocity surveys as discussed next.  
Pitot probe survey results are shown as Mach number contours in Figure 11 to Figure 13. These data 
are obtained at the exit of the ejector. In Figure 11, the effect of ejector height H is shown, without and 
with the tabs. For the no tab case (on left), a boundary layer separation around the middle of the upper 
surface can be noticed with increasing H. The separated zone becomes prominent at H=1.05 in. and the 
flow is completely separated at H=1.33 in. With the tabs (on right) the flow is completely attached on the 
upper surface at H=1.05 in. and only partially separated at H=1.33 in. These results are commensurate 
with the higher suction pressures measured with the tab cases.  
Similar comments can be made about the effect of upper plate divergence from the data shown in 
Figure 12; all cases here are with tabs. For α=2°, the flow is completely attached on the upper surface. At 
α=4° some flow separation has taken place while at α=6° there is extensive flow separation. These results 
explain why the suction pressure attains a maximum value in the α range of 2° to 4° (Figure 5). Data for 
the effect of ejector length with and without tabs are presented in Figure 13, in a similar manner as in 
Figure 11. In the no-tab cases (left), increased length may have reduced flow separation on the upper 
surface to some extent. With the tabs (right), increased length L allows more mixing to take place. This 
manifests in a smoothing of the footprints of the tabs. The flow in this case is attached on the upper 
surface for all values of L. 
Mass flow rate results obtained from integration of the Mach number data are presented in Figure 14 
to Figure 16. Data corresponding to the contours shown in Figure 11 (H effect) are presented in Figure 14. 
Tabs clearly result in an increased mass flow rate at all values of H. For the tab cases, a maximum mass 
flow rate is reached at a height of about 1.33 in. In the limit of very large H, there should not be any 
ejector effect and the mass flow rate should become close to the value noted for small H. This is reflected 
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in the results for the tab case in Figure 14, the flow rate value drops for H>1.33 in. The effect of varying L 
and α are shown in Figure 15. With varying α, the maximum flow rate is attained around 4° while it 
drops at even higher α due to flow separation. Note that the sets of data in Figure 14 and Figure 15 were 
taken at different times, in some cases after reinstalling the tab strip. Also, the data for varying L had to be 
taken somewhat downstream from the ejector exit due to hardware constraints. This should explain some 
differences in the flow rate values when cross-checked for the same conditions. The trends in each set 
with variation of respective parameter, however, should be well represented. With varying L, there is only 
marginal change in the mass flow rate.  
Finally, the entrainment of ambient air by the ejector is evaluated. Figure 16 shows the data for the 
tab case and for variation of H. The primary jet mass flow rate (mI) is shown by the top curve. With 
increasing H a decrease in mI is noted, apparently due to static pressure changes caused by the ejector. 
Combining these data with the total mass flow rate measured by Pitot survey (Figure 14) provides the 
entrainment rate ((mE – mI)/mI) which is shown by the bottom curve of Figure 16. The trend in the 
entrainment curve is quite similar to that of mass flow rate (mE) in Figure 14. This is because mI remains 
relatively a constant. The maximum entrainment ratio of about 34 percent occurs around H=1.33 in. 
Going back to the discussion of the noise data in Figure 10, it can be seen that in all cases of Figure 11 
to Figure 13 there is a layer of high-speed flow on the lower half of the ejector exit plane. The flow in that 
region has the same velocity as that at the exit of the primary nozzle. Thus, while enhanced mixing has been 
achieved by the tabs in the upper half of the flow, yielding attached flow with the upper surface, the flow 
has not mixed in the lower half. Even a small region of ‘hot-spot’ would defeat the goal of noise reduction 
through the I∼Uj8D2 scaling law. This is why significant noise reduction has not been observed yet  
(Figure 10). On-going and future efforts will focus on this, possibly allowing some ambient flow also  
from underneath together with tabs or other mixing enhancement devices.  
Conclusions 
A one-sided ejector configuration is explored in this study. The ultimate goal is to achieve noise 
reduction for newer aircraft concepts with over-the-wing engines having rectangular exhausts. In this 
fundamental exploratory study an 8:1 rectangular nozzle is used together with a simple ejector box. The 
lower surface of the ejector is placed flush with the lower lip of the nozzle while secondary flow is 
allowed through a gap between the upper lip of the nozzle and the upper flap of the ejector. Wall static 
pressures, Pitot probe surveys and limited noise measurements are made. These quantities are measured 
as a function of geometric parameters with and without mixing tabs placed at the nozzle lip. With 
increasing velocities of the secondary flow at the inlet gap, the static pressure near the leading edge of the 
flap decreases. Thus, the intensity of this ‘suction’ pressure should provide a measure of the secondary 
flow entrainment or ejector pumping efficiency. As the gap width is varied, keeping the upper and lower 
surfaces of the ejector parallel, pumping efficiency varies. Highest pumping occurs in a range of 
relatively small gap widths. With increasing gap width the efficiency decreases rapidly when the flow is 
no longer attached to the upper surface of the ejector. For a given gap, the pumping is found to be 
enhanced significantly by the introduction of a divergence of the upper surface. Most efficient pumping is 
achieved for an α-range of 2° to 4° together with the mixing tabs. The tabs are found to increase the 
suction pressure often by a factor of 3. The tab effect occurs due to enhanced mixing between the nozzle 
flow and the induced secondary flow likely due to introduction of streamwise vortices. The inferences on 
the pumping efficiencies from the static pressure data are corroborated by Pitot probe surveys at the exit 
of the ejector.  
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Limited noise measurements are performed. The baseline ejector configuration often encounters flow 
resonance with accompanying tones. Use of tabs not only enhances secondary flow entrainment but also 
eliminates those tones, in all cases tested. However, with the tabbed nozzle the addition of the ejector is 
found to produce insignificant reduction of the broadband noise. Thus, the jet noise reduction goal has 
remained elusive. The lack of noise reduction is due to the fact that the flow remains unmixed on the 
lower half of the ejector. High velocities even on a small region of the ejector exit defeat the goal of noise 
reduction through the I∼Uj8D2 scaling law for noise. Future efforts will focus on getting the entire flow 
mixed so that the exhaust velocities are low uniformly. The emphasis will be on achieving this and the 
resultant noise reduction while keeping the ejector hardware short and lightweight. An evaluation of 
thrust loss/augmentation will also be made using additional hardware for the jet facility that is currently 
under construction.  
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Figure 1.—Experimental facility. (a) Picture of facility showing, 1: plenum chamber, 2: nozzle, 3: ejector module, 4: 
moveable plate, 5: fixed lower plate, 6: Pitot rake, 7: microphone. (b) Close-up view of ejector. (c) Schematic of 
nozzle and ejector (dimensions in inches). (d) Schematic of upper plate showing static pressure port locations. 
(e) Picture of primary nozzle with tab strip attached. 
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(a)  (d)  
(b)  (e)  
(c)  (f)  
Figure 2.—Static pressure versus Mj for different upper plate height H, as indicated; each graph has data from the 
five ports. Left column for no-tabs, right column for tabs. 
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(a)  (d)  
(b)  (e)  
(c)  (f)  
Figure 3.—Static pressure versus Mj for the tab case at several other values of H. 
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(a)  (d)  
(b)  (e)  
(c)  
 
Figure 4.—Static pressure versus Mj at the five port locations (cross-plots of data for tab cases from Figure 2 and 
Figure 3); each figure has data for varying H. 
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(a)  (d)  
(b)  (e)  
(c)  (f)  
Figure 5.—Static pressure versus Mj for six divergence angles (α) as indicated (tab cases); the gap G was 
approximately held the same, actual values are indicated.  
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(a)  (d)  
(b)  (e)  
(c)  (f)  
Figure 6.—Static pressure versus Mj for three more ejector lengths, L; H=0.902. Left column for no-tabs, right column 
for tabs. 
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(a)  (d)  
(b)  (e)  
(c)  (f)  
Figure 7.—SPL spectra at Mj =0.9; in each plot blue curve is for no-tab case and red curve is for tab case. The six 
sets of data are for varying height H; second column in legend is OASPL. 
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(a)  
(b)  
Figure 8.—SPL spectra at Mj =0.9. Data on left for a 
convergent case (α=-3°, H=0.883 in., G=0.375 in.), on right 
for a divergent case (α=3°, H=1.03 in., G=0.164 in.). 
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(a)  (c)  
(b)  (d)  
Figure 9.—SPL spectra at Mj =0.9; in each plot blue curve is for no-tab case and red curve is for tab case. The four 
sets of data are for varying length L; second column in legend is OASPL. 
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(a)  
(b)  
Figure 10.—SPL spectra at Mj =0.9 at two polar locations as 
indicated; red: bare nozzle, blue: nozzle fitted with tabs 
without ejector, green: nozzle with tabs and ejector. The 
third column in legend is OASPL (dB). 
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Figure 11.—Mach number contours 0.04 in. downstream of ejector exit for different H as indicated; Mj =0.9. Left 
column: no tab, right column: tab.  
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Figure 12.—Mach number contours 0.04 in. downstream of ejector exit for different divergence (α) of upper plate, as 
indicated; Mj =0.9, tab cases.  
 
 
 
  
  
  
  
Figure 13.—Mach number contours 0.22 in. downstream of ejector exit for different Length, L, as indicated; Mj =0.9. 
Left column: no tab, right column: tab.  
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Figure 14.—Mass flow rate at exit of ejector 
versus H; with and without tabs, Mj =0.9. 
Figure 15.—Mass flow rate at exit of ejector  
versus α and L; all tab cases, Mj =0.9. 
 
 
 
 
 
Figure 16.—Primary mass flow and entrainment versus H; 
Mj =0.9, tab cases. Ordinate scales for mass flow and 
entrainment are on right and left, respectively, as indicated 
by the arrows. 
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